“Virtual worlds are
laboratories for agency

Virtual Worlds in the Age of AI

PHYSICAL COMPUTATIONAL AGENT

State - dynamics « agency « consequences

From representation to situated action



~ Which of these six systems is a world? ?

2. text adventure 3. episodic robot simulator

You are in a dimly lit room.

D 4. persistent social sandbox nised factory
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5. sensor-synchro
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A beautiful scene is not yet a world
SCENE CAUSAL WORLD

. A scene describes what exists TRANSITION A world defines what can happen
. : EVENT TRACE
: 00:00  ACTION
D Patient
takes a step
action ; ¥
E * 00:01  TRANSITION
Door opens
(state change)
transition l
' 00:02 CONSEQUENCE
~ M More light
S5 enters room
- (state change)
¥ v
H consequence 00:03  CONSEQUENCE
Patient is now
closer to target
v (state change)

A scene describes A world defines Photorealism does not
what exists what can happen create consequences
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Labels are engineering commitments
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The classical social definition

@ People L AN N S . Persistent
. represented B _ ey =y i | R Pee-- ° networked
as avatars 1= SN el X L environment

G Synchronous) . : . &, _f @@ Shared social
interaction J LN , sy L'.‘ experience

Bell (2008)
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Al environments

stress the boundary

The classical social-world boundary
still matters—and the course
broadens it for Al.

(@]
@

m
o
(72
(]

o
3)

@ Single-agent
agent
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CLASSICAL SOCIAL-WORLD BOUNDARY

People, avatars, synchrony, persistence,
and networks are central.

Cameras & -
depth sensors R Wall display

(
Patient
le | (agent)
%~

Persistent, relational, social interaction.

BROADER COURSE SCOPE

EPISODIC ROBOT SIMULATOR

Short episodes with reset.
State, dynamics, consequences.

SINGLE SOFTWARE-AGENT WORLD

One agent, discrete state space.
Perception, action, reward.

SYNTHETIC-DATA FACTORY
Generate images, LiDAR,
trajectories, labels.

No human participants.

GENERATIVE WORLD MODEL
Learned dynamics rollouts.
Counterfactuals and planning.
Useful but not inhabited.

SYNTHETIC EVALUATION WORLD
Benchmarks and stress tests.
Deterministic or stochastic.

Designed for measurement.
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1 2 3

4

maintained

@) Agents perceive

and act

PERCEIVE

ACT

(o -
CS0ip

-
— ("))

=

6

8

9

10

The course working definition

o Computationally \

@ spatially
organised

~

6 Evolving state

and rules

J-0-0-0

IF  condition
THEN action

-©

{e

Consequences unfold |

through time
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° ® e S;: world state
A world is an evolving state i St
A transition system for virtual worlds e E,: external events
® Sti1 = F(St, Ag, Ep)

S'l'+1 = F(St! At’ Et)

State S¢,»
Action A; Action A¢, 1 o
walk forward reach for ball 3
—_ _—
0 °
Event E; Event E; 1
light changes sensor event
depth update)
State S ® Actions A Events E Time
Key o e (0) b o : The world evolves
components Everything that b Agent's choices External happenings, Discrete or
makes a difference and controls sensor updates continuous through consequences.

Virtual Worlds - A.A. 2026/27 - Dipartimento di Informatica - Universita di Pisa



The world knows more than an agent observes
(8 Y o == -;’i' |

I

RGB  [© o A [/

SEMANTIC
API

PERMISSION- B J ‘
LIMITED VIEW m :

Observation depends on viewpoint, sensors, embodiment, and permission.
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Representation shapes storage and sensing

CONSTANT VIEWPOINT

Same camera and
rehabilitation-room

“ A -! O 1 . \ geometry across all
— | L ‘ 1 representations.
ﬂgtio‘ﬂ_@«g ; . I [

5]

MESH POINT CLOUD SCENE GRAPH VOXEL GRID SEMANTIC MAP
[ | | |
Walls [ Floor ] [Ceiling] [ Objects ]

I |
[ I

(o) () () (s

1" . _ I

~ RENDER QUERY SENSE
u How the room is drawn How we find, reason, (:) How sensors capture
or visualized. and detect. _/‘ and interpret.

di Informatica=umiversitadi Pisa

How the data is saved
and organized.

Vir
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Time is a process, not decoration

WALL TIME ﬁ 0010 1+ |
real clock .

S'MULAT'ONT'ME 00:25 HHH++H+H
model clock

R ﬁ 00:05 +——+———

reset

l RESET ¢ RATE  HORIZON

1
R




Rules turn actions into consequences

Joint angle limit
Workspace boundary ~ LIMIT
Therapist override OK

Fatigue model ADAPT

@) CONSTRAINT CHECK € sTATE TRANSITION
patient or embodied agent the attempted action passes the world state changes
reaches to move the therapy ball. through a clear technical rule gate according to the rule/dynamics.
that evaluates constraints.
| v v ' v v
PHYSICAL 5 LosicaL 73 SOCIAL &\ LEARNED
X =i O
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OBSERVABLE CONSEQUENCE
show a visibly different resulting state
that the agent can observe, such as
ball motion being limited or modified
and a clear response on the wall display.
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Embodiment defines a point of }intervention

CURSOR

AVATAR

CAMERA

2 Permitted digital actions \E
I
D |
: API all| (& B (4]
IDENT'TY read query update export notify i
metrics history settings report clinician E
S e e O N s o ) OO NS 0 ke Y
P — I z
pe \I Action/Reach -nmaad Navigation o | Fieldof View 7 " PhysicalReach o _ o Digital Action Interface Target Sensing Device Y Room Coordinate
SSE=>7 Region Path ! (Observation Only) “o___~’ Footprint Trace /Selection - (Cameras/Depth) 9 System (Isometric)
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Interfaces are observation-action contracts

P S ey e

CONTRACT

( )
( ; , ] 7 R
i WORLD i | BOUNDARY | HUMAN CONTROLLER
| | | |
| | | |
| e | OBSERVATIONS g . ACTIONS
! @) :—b-@ CAPABILITIES @ <
| - T~ =
[ | |
} | | f E
[ } | |
I I [
! | OBSERVATIONS Q ' ACTIONS
I —_— /&
| | e o o o @ : =] 4
b | | |
|
5 o i {
1
! il | | PERMISSIONS | |
1 1 | | AT |
I ! | OBSERVATIONS - ACTIONS
B0 ! u
|t 15— e ‘g< { REST API }
| , S
| PRIVATE FULL STATE T | 0 , Jobserve
: (not exposed across the boundary) ' | 1 | /actuate
I : I : /status
e e L / l\ __________ =7 N Y,

( @ Interfaces expose, hide, discretise, or distort world structure.
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Sharedness has several forms

PRIVATE COPIES PARTIALLY SYNCHRONISED INSTANCES ONE SHARED WORLD

(

LA

SHAR
SHARED STATE SHAREP TIME SHARED SPACE SHARE[: EVENTS OBSERVATIONS

______________ | PSS > s
_______ -
*@J‘-{ CONFLICT RESOLUTION |

CO-PRESENCE - PERSISTENCE - AUTHORITY - CONSISTENCY are separate design choices.
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| Physical coupling is a design variable
PHYSICAL ROOM ©  INDEPENDENT DIGITAL MODEL

i i, i S /\
= i S
e / e \
= \ 3 S | ERERNN
3 ‘N N it
vy {88
) 4

e MEASUREMENTS IN

Lo

= 10 Hz

confidence 95%
9 COMMANDS OUT

D=~ Y

@ BIDIRECTIONAL

PERCEPTION ]—}[ MODEL ]—> ACTION

( I J
FEEDBACK

Physical linkage alone does not establish digital-twin validity. ’

<

Virtual Worlds - AA. 2026/27 - Dipartimento di Informatica - Universita di Pisa LESSON 03 - DIGITAL TWINS 16



Eight dimensions replace a brittle checklist

SUBSTRATE

.‘i’ representation i

—— AGENT-WORLD RELATION i

agency and
embodiment

) 70> observation
. '.& and affordance

: 1—) state and time

sharedness

|
SYSTEM-REALITY RELATION

@@)}) physical coupling purpose and governance ]

@ Compare — do not score

Virtual Worlds - A.A. 2026/27 - Dipartimento di Informatica - Universita di Pisa 17
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Four implementation axes

How virtual worlds are built

Useful systems are usually hybrid.

Virtual Worlds - A.A. 2026/27 - Dipartimento di Informatica - Universita di Pisa
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2 3 4 5 6 7 8 9 10 I 12 13 14 15

Content can be stored

explicitly—or generated from rules
CONTENT CONSTRUCTION

B
HYBRID PRODUCTION WORLD PROCEDURAL (RULES AND PARAMETERS)
GEOMETRIC > PROCEDURAL ‘ Acquired structure + procedural content ;
- RULES / GRAMMARS i
B Explicit: meshes - points - surfaces - volumes - attributes y TE WindoWAnedronall
THEN place_plant
B Generated: rules - parameters - grammars - models \P\
ELSE place_art
Ij)il Ifl [:] & END IF
(6 EXPLICIT (ACQUIRED OR AUTHORED) L
‘ PARAMETERS
MESHES
{ ‘ density ———) 0.72
\ variety —) 0.45
( obstacle_rate —() 0.30
. POINTS | plant_height e ® 1.20
S GENERATED OUTPUT (NOT INHERENTLY EXPLICIT)
i SURFACES A A @/L N
E VOLUMES
ATTRIBUTES MATERIALISE AS
EXPLICIT GEOMETRY

( v’, Most production worlds combine authored or acquired geometry with procedural variation.

Virtual Worlds - A.A. 2026/27 - Dipartimento di Informatica - Universita di Pisa
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Static geometry can hos
» TEMPORAL BEHAVIOUR
| STATIC <> DYNAMIC |

TIME |
>

7 8 9 0 1 2 13 14 15

t a dynamic world

A

O

O O O
%4 O O 1%

t, Initial state t, Door opens t, Activity & lighting change t; Occupancy & status update |

FROZEN REFERENCE

Fixed shell snapshot

FIXED SHELL (UNCHANGING) MUTABLE STATE (CHANGES OVER TIME) (unchanging geometry)

. : Semantic
Door status @ People & robots lllumination @ Occupancy @ Object states @ state 8 data

[] Walls - floor - ceiling - windows
doors - fixtures - structure

Classify the state that matters—not only the background mesh.

Virtual Worlds - A.A. 2026/27 - Dipartimento di Informatica - Universita di Pisa 20
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4

5 6 % 8 9 10 1 12 13 14 15

Real-time is a deadline—not a synonym for quality

COMPUTATION TIME

PRE-COMPUTED <> REAL-TIME

Offline preparation (before interaction)

Baked lightmap —

Visibility map —>

Navigation graph —

,O’" Cat_:hed )
o-" trajectories

l Cache can become stale.
""""""""" . Validate and refresh. L

@ Offline: lighting - visibility - navigation - cached trajectories |

Live computation (during interaction)

Pl

Interaction

FRAME / CONTROL
DEADLINE
Sensing

=
52

Decisions

/
& () e

Shadows

.

- = =7

Prepare what can remain invariant; recompute what must respond.

@ Live: sensing - decisions - physics - shadows - interaction

Virtual Worlds - A.A. 2026/27 - Dipartimento di Informatica - Universita di Pisa
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Discrete plans can T

control continuous motion 0 =

MATHEMATICAL SPACE

DISCRETE <> CONTINUOUS "™
Nodes
Discrete: cells - nodes - = E::;tions l | | i j

symbols - finite actions

! t

. . INTERFACE
@ Continuous: coordinates - Graph —> Motion
fields - poses - velocities Observation <~ Graph
- 4

waypoint (D)

Representation may change
by layer: planning, physics,
sensing, and control. 7

9

2
CONTINUUUS (PHYSICS, CONTROL, SENSING)

N\
A

’
.

Velocity v

Pose (x, y, 6) it
/

_—

Sensor field (continuous)
— Trajectory (continuous)
-== Goal from plan (D)

Planner selects

4
Continuous -
observation E
mappedto  —a-aa- ’

graph state !

@ This choice previews tabular versus continuous-control methods in reinforcement learning.

Virtual Worlds - A.A. 2026/27 - Dipartimento di Informatica - Universita di Pisa
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1 ) 3 4

6

10 1

Classify one system and defend the boundary

Choose one Inspect four 3 Locate two State missing Defend one
opening scenario dimensions implementation axes evidence measurable criterion
B —
— — —
e
c EVIDENCE BOARD
TERM DIMENSIONS AXES | MISSING EVIDENCE CRITERION

Virtual Worlds - A.A. 2026/27 - Dipartimento di Informatica - Universita di Pisa

CHOOSE ONE OPENING SCENARIO

1. static 3D museum % 1 *

=

2. text adventure

3. episodic
robot simulator

4, persistent
social sandbox S

23



B

GEOMETRIC &
e PROCEDURAL

PRE-COMPUTED &
REAL-TIME

Virtual Worlds - A. ATN8

4

Disagreement reveals dimensions

6

REVISION
CLASSIFICATION PATH A /—\ CLASSIFICATION PATH B
€ L] @ 9 |
‘ EVIDENCE GEORETRIC & STATIC & ‘ PRE-COMPUTED & | DISCRETE & GEOMETRIC STATIC & PRE-COMPUTED « DISCRETE . STATIC &
PROCEDURAL DYNAMIC | REAL-TIME CONTINUOUS PROCEDURAL DyNAMIC REAL-TIME CONTINUOUS
| ‘ DYNAMIC
No transition O STATIC PRE-COMPUTED DISCRETE GEOMETRIC O PRE-COMPUTED | DISCRETE
Episodic reset PROCEDURAL DYNAMIC REAL-TIME DISCRETE PROCEDURAL DYNAMIC REAL-TIME DISCRETE
Absent agency PROCEDURAL € PRE-COMPUTED DISCRETE GEOMETRIC STATIC PRE-COMPUTED DISCRETE
Partial physical world |  GEOMETRIC ®) O CONTINUOUS GEOMETRIC @) REAL-TIME CONTINUOUS |
®
Missing evidence # *—o DISCRETE &
wrong answer O O O O O O O O CONTINUOUS

EVIDENCE # CRITERION

Disagreement reveals which dimension matters.

- Dipartimento di Informatica - Universita di Pisa
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1 2 3 4 L 6 7 8 9 10 1 12 13 14

Several lineages converged

> FOUNDATIONS > » NETWORKED ERA > CONTEMPORARY

INTERACTION

¢ Interactive @@

simulation CXHEIT

MUDs and
¢ social worlds

Networked 3D

PERSISTENCE

CONTEMPORARY
VIRTUAL-WORLD
SYSTEMS

NETWORKS

EMBODIMENT
XR and

robotics @

PREDICTION

~ Alworld —»@—»@—»@—v -

models

CHANGING PROPEETIES

om 2l
@ o AGENCY D COUPLING S8 PERSISTENCE [, 7] SCALE &&, SOCIALITY

It
A
W
I
A

Virtual Worlds - A.A. 2026/27 - Dipartimento di Informatica - Universita di Pisa 25
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A game is not synonymous with a world

~ «— GAME LAYER

GAME: goals and incentives

@ A world may
contain a game

|| *— WORLD LAYER A game may use
‘ WORLD: state, space, consequences a thin environment

State
Space
@ Consequences

m
r

J

Virtual Worlds - A.A. 2026/27 - Dipartimento di Informatica - Universita di Pisa



XR is an access and alignment system

z

PHYSICAL REALITY MIXED REALITY VIRTUAL REALITY :

(¥) XR IS THE INTERFACE — THE VIRTUAL WORLD IS THE SYSTEM.

Virtual Worlds - A.A. 2026/27 - Dipartimento di Informatica - Universita di Pisa
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Simulation makes a validity claim

VALIDITY EVIDENCE

SIMULATION MECHANISM

Rules Dynamics

Behawour (simulated)

CAARRAN

< _}é Evidence
? Relevant behaviour k. /.,,,.f’

é Uncertainty /:\ ':/\/ W

? Operating range

e
X

9
e
00" 2

-_— .

@ Intended use

©

INTENDED USE

Evaluate gait-assistance
policy performance in an
instrumented rehabilitation room.

PHOTOREALISM VALIDITY

{ @ Appearance may help — validity requires task-relevant evidence.

Virtual Worlds - A.A. 2026/27 - Dipartimento di Informatica - Universita di Pisa
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A digital twin is a maintained relationship

[o Physical counterpart

Le Data exchange ]

Evidence updates
(physical — digital)

@®® o

Synchronization
and correspondence

L}

]

Depth sensor
e - { oo |,
»_”/- § X

Wall display

<

Evaluated decisions
(actions — physical)

® @ @ )

( o Lifecycle and identity

e Purpose-specific represenition ]

@ |

Patient state S A
Step leogth (e ; i o Dl
b 48,
3 | Sessonsumm.,y
Cadence (stape/mic) 82 f
». |
R 5 N
L’tqshdsr»ﬁ;g‘ ‘ AN \«/ ‘
R 46
Knee flexion (4 | Quality lags
L3 R 34 | ‘C((\.mnn”;& ‘
e * Low confidence

e Valldatlon

Evidence

Compare ‘ Assess Act )
,/'\ Periodic Event-driven Continuous m ‘l\/‘- o m ( ) ‘
259 08— L g [ 0 |
PN [ﬂ @ o Agreement Inves!‘gate/
Patient ID Twin ID Created Version History / -[]—D—[Ly —ﬂ.—.ﬂ—[.Lp MAMHMMA-; 145 ) L J | within limits 5::!;3';::;2
P-12984 T-P-12984 2025-05-12 v1.3.2 Provenance i - J

E I

Lesson 03 — acquisition, synchronization, twin architecture
Virtual Worlds - A.A. 2026/27 - Dipartimento di InformatkBiSJisv@spraview only, not a claim that visual similarity guarantees validity.



| Metaverse proposals add interoperability

& . e —— —
SOCIAL PLAZA — - | Hall = ‘ @ INDUSTRIAL FACILITY
WORLD , SPFir ‘ \ Z & ‘ WORLD

‘ LOCAL RULES
® Reputation

\
‘ LOCAL RULES
® Community Norms

@ Safety Protocols
Compliance
& Process Logic

‘ Access Control

@ Moderation
@ Social Economy

THERAPY ROOM . \ () ' - - GAME ADVENTURE
WORLD ‘ - - A

_ A WORLD
LOCAL RULES | } E \ ‘ =

rd | < < ! N (o ja v’ LOCAL RULES

@ Privacy 2 ‘ d S ¢ L N = N b (@) Game Mechanics
@ Level Rules

® Scoring

@ Economy

@ Clinical Protocols
@ Consent

@ Ethics

@ SEMANTIC ESE TECHNICAL LEGAL | |5g GOVERNANCE ()

Virtual' Worlds - A.A. 2026/27 - Dipartimento di Informatica - Universita di Pisa
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What can we use virtual worlds for?

WHAT THE WORLD ENABLES

USE CONCRETE EXAMPLE

Play and socialize

Learn and explore

Rehearse procedures

Design and plan

Monitor operations

Train autonomy

Generate labeled data

Test intelligent agents

re o
<4 X

Cooperative quest or
live virtual event

Virtual science lab or
historical city

Spacewalk or
emergency-response drill

Factory layout or
building waikthrough

Sensor-linked
equipment twin

Driving or indoor-
navigation scenarios

Vary lighting, objects
and viewpoints

Instruction-following
tasks in a room

/) Choose state, rules and fidelity for the task. Validate transfer to reality.
Virtual Wg;'Tds =A.A.2026/27 - Dipartimento di Informatica - Universita di Pisa

Shared state, identities

@
@1":‘:@ and interaction
I Change variables; inspect
l & consequences
k Repeat rare situations;
debrief actions

,ii\ Compare alternatives
9, g before construction

A Relate live state to
expected behavior

\
Y Practice policies under
' controlled variation

Export images, depth,
masks and poses

<
|

Measure completion,
o
Y — errors and recovery




Virtual worlds give Al controlled experience

MEASUREMENTS OUTCOMES

= _ — X peser '

e — Y

+ state

AW

v

|
B g DUPLICATE

= 0\ ACCELERATE
x2

. —> @j'j INSTRUMENT

S J

+ actions

U B i

events

| 1111

o
—> —e— VARY —»
——

= [ @ VIRTUAL WORLD: actionsaconsequenceS} & VALIDITY DEPENDS ON ASSUMPTIONS + COVERAGE J

(w

{ STATIC DATASET: fixed observations

Virtual Worlds - A.A. 2026/27 - Dipartimento di Informatica - Universita di Pisa 32



Reinforcement learning closes the loop

Z
ENVIRONMENT 0 OBSERVATION}
— STATE s,
o( REWARD r,, ] 7. =
|+ NEXT STATE st | ? » ﬁ\ X
After the TRANSITION, f sl .

the environment returns
feedback (reward) and
the next state.

Environment is sensed;
J state flows to the agent.

REWARD ry,1 NEXT STATE st.,

il hn . LN - oQL POLICY n(alo)

The policy takes the observation

\
\

: N and selects an action.
Tteceomeoneees ®  wmove
TRANSITION &@ FORWARD =
The environment updates PLAY
to the next state. ‘))) CUE EPISODE
“Increase pace” I
A ADJUST —*@—*@—‘""@‘ w
B piFFicuLTY L ACTION at] |
ke J ; . RESET —> initial state
Action (command) is sent to
the environment.
A Reward is a training signal — not a complete specification of desired behaviour. | Lessons 06-07

Virtual Worlds - A.A. 2026/27 - Dipartimento di Informatica - Universita di Pisa



Language and multimodal agents need grounded action

ONE AGENT / MANY WORLDS GROUNDED-ACTION CONTRACT MANY AGENTS / ONE WORLD
 EMBODIED | | LANGUAGE/  SOFTWARE
(ROBOT/CONTROLLER) MULTIMODAL (APl MODULE)

AGENT
CONTROLLER ‘ OBSERVATION

y @
@ GOAL + REASONING | l l B I l ] Il |
OBSERVATIONS ACTIONS OBSERiATIONS ACTIONS OBSER‘iTIONS ACTIONS

@ VALID ACTION

v

Yy
x_s WORLD FEEDBACK

ENVIRONMENT : ’ |
WORLD STATE FEEDBACK

REHAB ROOM ROBOT SIMULALOR SOFTWARE

' ( (
{ @ GOALS T_,‘ oBSERVATIONs —> & MEMORY —*] ¢  TooLs l—» <7 AcTions
1 J'

Virtual Worlds - A.A. 2026/27 - Dipartimento di Informatica - Universita di Pisa




Worlds can teach the wrong lesson

’ o 1. Sim-to-real gap

Simulation

Transfer
bridge

-

Real world

=
o 4. Invalid actions
World boundary
Agent command (safety & feasibility)
Outcome
1 | >
REJECTED
W e Action not possible
‘ $|le |4 J in the world.
L
DIAGNOSTIC TRACE
———@ 1. Sim-to-real gap

——@ 2. Hidden-state leakage
——@ 3. Reward shortcuts
—® 4. Invalid actions

———® 5. Biased resets and metrics

NT «— WORLD

Interface

AGE

OBSERVATION (o)

ACTION (a,)

—te o

Step  Shift Stand  Hold

AR

J

Ao |

- .
@ 2. Hidden-state leakage
World state (hidden) Leaky channel Agent observation
Fatigue level [ ; ¢ » ‘:
Pain level | 1011001 !
s —> 0010110 —P :
Stability margin i 1100101 |
) . — 7
= = = |ntended path
== Shortcut path
ﬁg’ Reward
S
/
9 5. Biased resets and metrics
Reset loop (too easy) Evaluation trace (skewed)
’ 100%
g ~——— Biased eval
g 5% === Unbiased eval
o - —
é /'/ S RS eeENes
0% L2
Episodes _f

t

WHAT DID THE WORLD MAKE EASY? J

Virtual Worlds - A.A..2026/27 - Dipartimento-di-Informatica - Universita di Pisa
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The course connects
representation to situated action

ACT + EVALUATE REEE- St S RN fg W )

%;T 2 VV‘ ‘ \
RECONSTRUCTION | ¢ = = = g-=="" : LEARNING
+SEMANTICS e

e

GENERATION + e MODELS + AGENTS
INTEGRATION

PERCEPTION LEARNED 3D

‘--.-------.-~4----------

Build the world — couple perception — learn and reason — act — evaluate

Virtual Worlds - A.A. 2026/27 - Dipartimento di Informatica - Universita di Pisa
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A

G

One instrumented room
accumulates every layer

0
®

@

4 5 6 8 9 10 1

GEOMETRY

Mesh, surfaces
and spatial structure

Pose, objects and
live digital twin

RL POLICY

OBSERVATION -

Sensors, XR view and
robot perception

ACTION

Commands from phone,

!

robot, RL, clinician

PHYSICAL COUPLING . _

Bidirectional loop between
physical activity and twin

& Digital twin

[_' L (activity & sensors) 1= v (state & model) l

Physical world

Virtual Worlds - A.A. 2026/27 - Dipartimento di Informatica - Universita di Pisa

‘—
STATE PoLICY ACTION
n(als)

SIMULATION + DATA
&@ % u Lk
\ emsodc trajectory = me!ncs
[Sor 30 $y) «-
(o, 30, 81, ~]

002
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State, dynamics, agency, consequences

DYNAMICS

=,

CONSEQUENCES

4 G

PERCEIVE

l 0 EXIT QUESTION: Which dimension would you inspect first when an apparently intelligent agent fails? ‘ >> NEXT: COMPUTER GRAPHICS J

\/i_rmaIW‘oﬁ‘ds—‘A.AfZOZGm = Dipartimento di tThformatica - Universita di Pisa = - = — == —38
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References and further reading

®)

[s)

DEFINITIONS STANDARDS & DIGITAL TWINS Al & AGENTS COURSE SOURCES
Bell, Toward a Definition W3C WebXR Device API Sutton and Barto, Complete citations:
of Virtual Worlds (2008) Reinforcement Learning: Lesson 01 overview
NIST digital twin overview An Introduction (2018) and source ledger

Girvan, What is a virtual
world? (2018) |[EEE Park et al., Generative

Agents (2023)

SIMA Team (2024)
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